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3. THE ROLE OF SYSTEMS MODELLING IN 
FORESTRY SEEDLING PRODUCTION 
RESEARCH IN THE PHILIPPINES 
 
Carl Smith and Nestor Gregorio 
 
 
This paper discusses the role that systems modelling has played in the planning and design 
of the ACIAR Seedling Enhancement Project and the key lessons learned from the 
application of systems modelling. The project used a Bayesian network to integrate available 
knowledge about the tree seedling production system in Leyte, the Philippines. This model 
was used to identify areas of poor performance within the tree seedling production systems 
and to test potential improvements that could be made to systems performance through 
interventions and research projects. The use of the model highlighted the need for 
interventions at three key areas: forest nursery management training and accreditation, the 
establishment of tree seed centres, and the establishment of a database of nursery 
operators. These interventions are described in the paper. The key lessons learned from the 
application of a systems model in the ACIAR Seedling Enhancement Project are: undertake 
systems modelling early on in a project to ensure that research targets systemic failures 
rather than symptoms; involve stakeholders and managers within the systems modelling so 
that the interventions identified meet the needs of stakeholders; use appropriate modelling 
tools that allow stakeholders to participate in model development and scenario analysis; 
build the capacity of local researchers to undertake systems modelling so that they can 
support local managers in decision making; and use system modelling throughout the project 
to plan, implement and review the success of research. 
 
 
INTRODUCTION 
 
At the commencement of ACIAR project ASEM/2006/091 – Enhancing Tree Seedling Supply 
via Economic and Policy Changes in the Philippines Nursery Sector (referred to as the 
ACIAR Seedling Enhancement Project), systems modelling was used to integrate available 
knowledge about the tree seedling production system in Leyte, the Philippines. The objective 
of the modelling exercise was to identify interventions that would increase the quality of 
forest seedlings produced and improve the sustainability and effectiveness of tree nurseries. 
This objective was important because failure to produce high quality seedlings was identified 
as one of the main factors inhibiting the development of smallholder forestry in the 
Philippines (Herbohn et al. 2001, Gregorio 2006). This paper briefly describes the role that 
system modelling played within the ACIAR seedling enhancement project and the key 
lessons learned. 
 
THE ROLE OF SYSTEMS MODELLING IN PROJECT PLANNING 
 
The nursery sector in the Philippines is comprised of three sub-sectors, namely the private, 
community and government nurseries that are operating within a policy environment largely 
administered by the Department of Environment and Natural Resources (DENR). In 2003 a 
survey of forestry seedling nurseries in Leyte (covering 74 nursery operators) found that 
several limitations existed within the nursery system that prevented the production of high 
quality tree seedlings and limited the viability of tree seedling nurseries. The obvious 
limitation was poor nursery practice; however, there were other limitations related to the 
ability of nursery managers to sell seedlings and the basic knowledge and awareness of 
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nursery managers about where to obtain high quality seed and how to properly manage a 
nursery. 
 
Even though a survey could point to some of the limitations in the nursery systems, what it 
could not do is identify the interactions among these limitations, the relative influence of 
these limitations on nursery performance, or the potential benefits of implementing 
interventions designed to address these limitations. This is where systems modelling helped. 
Using the nursery survey data, information from the literature and the experience of experts, 
a systems model was built of the Leyte nursery system using a Bayesian network (as 
described by Jensen 1996). The model incorporated all three nursery groups; however for 
convenience, only the model for private (or individual) nurseries is described here (Figure 1). 
The model has been colour coded to highlight the different parts of the system. Red boxes 
are the objectives of nursery effectiveness and sustainability and yellow boxes are factors 
relating to seedling quality. Green boxes are factors relating to germplasm quality and dark 
blue boxes are factors relating to seedling demand. The light blue boxes were initially 
highlighted by the project team as areas were policy interventions could improve the 
performance of the nursery system.   
 
 
Figure 1. Model of the private nursery system in Leyte, the Philippines 
 
The percentages in the model reflect the results obtained from the nursery survey data and 
were used to highlight the areas of poor performance within the system. For instance, the 
model shows that only 10.8% of private nurseries surveyed had a satisfactory production 
budget, only 21.6% had nursery management training, only 9.15% used selected 
germplasm, only 17.6% were aware of the importance of genetic quality, only 13.2% had 
appropriate nursery technical skills, and only 23.7% were producing high quality seedlings 
(Figure 1). 
 
Once these areas of poor performance within the system had been identified, the model was 
used to examine the influence that improving areas of poor performance may have on 
overall nursery performance. This was done using the scenario analysis capabilities of the 
model. To demonstrate, Figure 2 shows the model with the ‘satisfactory’ state selected for 
production budget (this is highlighted by the blue arrow in the model). Under this scenario, 
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THE ROLE OF SYSTEMS MODELLING IN INTERVENTION DESIGN 
 
Based on the results of scenario analysis, the ACIAR seedling enhancement project 
identified several intervention points for improving the nursery system (Table 1). These 
formed the basis of intervention design and targeting. The interventions subsequently 
undertaken by the ACIAR project are summarised in Table 1. Figure 5 shows how these 
interventions link into the private nursery sector system. 
 
Table 1. Intervention points for the forest nursery system and interventions undertaken by 
the ACIAR seedling enhancement project 
 
Intervention points Interventions undertaken by ACIAR seedling enhancement project 
Technical skills  Forestry nursery accreditation program 
Nursery management and accreditation training series and associated 
manuals, videos and the establishment of demonstration nurseries 
Production budget  None 
Knowledge on quality 
germplasm sources  
Identification of mother trees and the establishment of a tree seed centres
Database of germplasm sources 
Appreciation on 
importance of 
germplasm quality  
Nursery management and accreditation training series and associated 
manuals, videos and the establishment of demonstration nurseries 
Market assistance  Database of nursery operators 
Establishment of a tree seed centres 
 
Forest nursery accreditation 
 
The project has developed partnerships with the Community Environment and Natural 
Resources Office of the DENR in Northern Mindanao and the municipality of Palompon in 
Leyte province to pilot test the implementation of forest nursery accreditation. The 
municipality of Palompon has a program on watershed rehabilitation. Under the nursery 
accreditation scheme, the LGU of Palompon purchase seedlings from nurseries accredited 
by the ACIAR seedling enhancement project. For the CENRO-DENR, however, a nursery 
accreditation committee was formed to assess and accredit the nurseries. A series of hands-
on best management practice training workshops have been conducted with private 
nurseries as part of the accreditation scheme. Training sessions were also carried out with 
DENR staff to expose them to the process and criteria of assessing the seedlings and 
nurseries. Extension materials including nursery leaflets and videos have been developed to 
support these training activities. Demonstration nurseries have been established in the 
municipality to showcase best management practices to private nursery operators and to 
serve as distribution points for germplasm and extension materials to smallholder tree 
farmers. 
 
Tree seed centres  
 
Tree seed centres have been developed at Visayas State University (VSU) and at the DENR 
Ecosystems Research and Development office in Malaybalay, Bukidnon. These centres are 
designed to serve as conduits for distributing selected seed to various municipalities in Leyte 
and Mindanao. They will also serve as distribution points for extension materials including 
leaflets and posters on high quality seedling production and will assist in advertising private 
nurseries to potential seedling buyers. The centre also plays a crucial role in the 
accreditation of private nurseries by serving as a facilitating office, accepting applications for 
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accreditation of private nursery operators and submitting these applications to the 
accreditation team. 
 
Database of nursery operators 
 
To facilitate the advertising of private nurseries, a database of nursery operators has been 
developed by the ACIAR project. The database contains information including the names of 
nurseries and their operators, contact phone numbers, addresses, species produced and 
selling prices. This information will be disseminated to prospective seedling customers 
through the tree seed centres and demonstration nurseries of municipalities. 
 
 
 
Figure 5. Model of the private nursery sector in Leyte, the Philippines, with ACIAR seedling 
enhancement project interventions added (represented by the uncoloured boxes) 
 
WHAT HAS BEEN LEARNT BY APPLYING SYSTEMS MODELLING IN THE 
PROJECT? 
 
The poor performance of the forest nursery system in the Philippines cannot be attributed to 
one or two limitations. It has been the result of systemic failures in several areas. The 
application of system modelling at the beginning of the ACIAR seedling enhancement project 
allowed the research team to identify these systemic failures and target high impact 
interventions. These interventions have been successful; however, this cannot be put down 
to the systems modelling itself, but the participatory manner in which the system modelling, 
intervention design and intervention implementation was done. 
 
Many of the problems found in human-managed systems are symptoms of underlying 
system structures or failures that may not be obvious or are hidden below the surface 
(Figure 6). These system structures are based on the mental models of people who have 
designed, or operate within, the system. From the beginning, the ACIAR seedling 
enhancement project made a deliberate effort to engage stakeholders within its systems 
modelling activities for three main reasons: a) to reveal the mental models of stakeholders, 
that is, reveal how they think the system is structured and behaves; b) to enhance 
collaborative learning among stakeholders by exposing and sharing ideas and views; and c) 
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• Systems modelling is not a once-off activity within a project − all models are limited 
by the knowledge available at the time when they were built. As projects proceed, 
knowledge can improve and this can be used to improve model performance. 
Therefore, systems modelling is not a once-off activity but something that can be 
used at all stages within a project, from planning, to implementation and for reviewing 
project success. 
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